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(57) ABSTRACT

A light source comprising a light emitter; a heat sink coupled
to the light emitter; and a temperature sensor substantially
adjacent to the light emitter. A first thermal time constant
associated with the temperature sensor is less than a second
thermal time constant associated with a radiation surface of
the heat sink.
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1
LIGHT SOURCE TEMPERATURE MONITOR
AND CONTROL

BACKGROUND

This disclosure relates to light sources and, in particular to
monitoring and/or control of temperatures of light sources.

Light sources are used for a variety of applications. For
example, light sources can be used to cure inks, coatings,
adhesives, or the like. The generation of the light can be
accompanied by a generation of a significant amount of heat.
A heat sink can be disposed on the light source to remove
heat. However, a failure can cause the light source to increase
in temperature beyond a threshold above which the light
source can be damaged.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view of a light source according
to an embodiment.

FIG. 2 is across-sectional view of a light source with liquid
cooling according to an embodiment.

FIG. 3 is a cross-sectional view of a light source with a
temperature sensor disposed in a light emitter according to an
embodiment.

FIGS. 4-6 are cross-sectional views of placement of a
temperature sensor in a light source according to some
embodiments.

FIG. 7 is a chart illustrating temperature at various loca-
tions on a light source according to an embodiment.

FIG. 8 is another chart illustrating temperature at various
locations on a light source according to an embodiment.

FIG. 9 is a block diagram of a temperature monitor and
control system according to an embodiment.

DETAILED DESCRIPTION

Embodiments will be described with reference to the draw-
ings. In particular, in an embodiment, a temperature sensor is
disposed in a light source such that the temperature sensor has
a reduced thermal time constant relative to a light emitter.

FIG. 1 is a cross-sectional view of a light source according
to an embodiment. In this embodiment, the light source 10
includes a light emitter 12 configured to generate light 20. The
light emitter 12 may also generate heat 22. For example, a
light emitter 12 can be an ultraviolet (UV) light emitting
diode (LED) array. In another example, the light emitter 12
can be an array of gas discharge lamps. Any device that can
generate light can be a light emitter 12.

A heat sink 14 is coupled to the light emitter 12. The heat
sink is configured to transfer heat 22 from away from the light
emitter 12. In an embodiment, in operation, the light emitter
12 generates the heat 22 as it generates the light 20. However,
in some circumstances, a temperature of the light emitter 12
can increase. For example, a light emitter 12 can fail, the heat
sink 14 can become detached from the light emitter 12, or the
like. In another example, a cooling source, such as a liquid
cooling system, a thermoelectric cooler, or the like can fail.
As a result a temperature of the light emitter 12 can increase
and, at or beyond a threshold temperature, the light emitter 12
can be damaged.

In an embodiment, a temperature sensor 24 is disposed
substantially adjacent to the light emitter. As a result, a first
thermal time constant associated with the temperature sensor
24 is less than a second thermal time constant associated with
a radiation surface 16 of the heat sink 14. For example, the
temperature sensor 24 can be mounted in contact with the
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surface 18 of the light emitter 12. In an embodiment, the
temperature sensor 24 can be disposed between the light
emitter 12 and the heat sink 14. However, in other embodi-
ments, the temperature sensor 24 can be disposed in other
locations, such as on a side of the light emitter 12.

Accordingly, heat would not have to propagate to the oppo-
site radiation surface 16 of the heat sink 14. That is, a time
constant of a change in temperature at the radiation surface 16
due to a change in temperature in the light emitter 12 can be
greater than a time constant of a change in temperature at the
surface 18 of the light emitter 12.

The temperature sensor 24 can be any variety of devices
that can sense a temperature. For example, the temperature
sensor 24 can be a thermistor, a thermocouple, a diode, a
transistor, or any other device that has a temperature depen-
dent characteristic.

Although the temperature sensor can be in contact with the
light emitter 12, in an embodiment, the temperature sensor 24
can be disposed within the heat sink. For example, the heat
sink 14 can have a substantially continuous surface for inter-
facing with the light emitter 12. The temperature sensor 24
can be disposed offset from the surface 18 within the heat sink
14. Accordingly, the temperature sensor can still be substan-
tially adjacent to the light emitter 12 and correspondingly
have a smaller thermal time constant than a sensor on the
radiating surface 16.

FIG. 2 is a cross-sectional view of'a light source with liquid
cooling according to an embodiment. In this embodiment, the
light source 30 includes a light emitter 38 and a heat sink 32
similar to the light source 10 of FIG. 1. However, the heat sink
32 also includes a liquid cooling system. In this embodiment,
apipe 34 is illustrated passing through the heat sink 32. Water,
or some other cooling fluid, can be used to cool the light
emitter 38. The temperature sensor 36 is disposed between
the pipe 34 and the light emitter 38. Accordingly, the thermal
sink of the cooling system can have a reduced impact on the
temperature sensitivity of the temperature sensor 36. In con-
trast, if the temperature sensor was disposed in a radiating
surface 39 of the heat sink 32, the cooling system could mask
temperature changes in the light emitter 38.

FIG. 3 is a cross-sectional view of a light source with a
temperature sensor disposed in a light emitter according to an
embodiment. In this embodiment, the temperature sensor 43
is part of the light emitter 42. For example, the temperature
sensor 43 can be a component or circuit of the light emitter 42
that has a temperature dependent characteristic. For example,
a threshold voltage, a resistance, a current, or the like of a
component can be used to sense the temperature. Since the
temperature sensor 43 is part of the light emitter 42, the
thermal time constant associated with the temperature sensor
43 can be reduced.

FIGS. 4-6 are cross-sectional views of placement of a
temperature sensor in a light source according to embodi-
ments. Referring to FIG. 4, the light source 50 includes a light
emitter 54 and a heat sink 52 similar to other light sources
described above. However, the temperature sensor 56 is dis-
posed in a channel 58 of the heat sink.

In an embodiment, the channel 58 can be filled with a
thermally conductive compound, such as a thermally conduc-
tive paste, a metallic epoxy, or the like. Accordingly, the heat
sink 52 can still make thermal contact with the light emitter
54.

In an embodiment, the channel 58 can be substantially
obscured by the light emitter. That is, the channel 58 can be
open on the heat sink, yet when the heat sink 52 is assembled
with the light emitter 54, the channel is substantially
obscured.
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In an embodiment, the channel 58 can be substantially
filled with a thermally insulating substance. For example, an
air gap, or other insulating substance can substantially sur-
round the temperature sensor 56. However, the temperature
sensor 56 can still be in thermal contact with the light source
54. As aresult, the thermal mass ofthe heat sink 52 in the local
region can have a reduced impact on the thermal time constant
associated with the temperature sensor 56.

Referring to FIG. 5, in an embodiment, the light source 70
can include an opening 76 that can be disposed in the heat sink
to allow access to the temperature sensor. For example, wires
80 can extend through the opening. In an embodiment, the
opening 76 can be disposed such that the opening does not
penetrate a cooling system, such as the pipe 34 of FIG. 2.
Moreover, although he opening 76 is illustrated as extending
substantially perpendicular to a plane of the light emitter 74,
the opening 76 can extend in different directions.

Referring to FIG. 6, in an embodiment, the light source 82
can include light emitters 86 that can be mounted directly on
the heat sink 84. A temperature sensor 88 can also be mounted
on the heat sink 84. In particular, the light emitters 86 and the
temperature sensor 88 can be mounted on a surface 89 on an
opposite side of a radiating surface 87 of the heat sink 84. As
the temperature sensor 88 can be closer to the light emitter 86
than the radiating surface of the heat sink 87, the temperature
sensor 88 can be more responsive to temperature changes in
of the light emitters.

Although in the above examples, a single temperature sen-
sor has been described, any number of temperature sensors
can be used. For example, a single temperature sensor can be
used for an entire light source. In another example, each light
emitter of a light source can have an associated temperature
Sensor.

FIG. 7 is a chart illustrating temperature at various loca-
tions on a light source according to an embodiment. The chart
illustrates the time dependence of temperatures. An increas-
ing temperature of a light emitter is illustrated with curve 92.
A time dependence of a sensed temperature at a temperature
sensor that is substantially adjacent to the light emitter is
represented by curve 94. Similarly, a temperature sensor that
is further from the light emitter, for example, on a radiating
surface of a heat sink as described above, is represented by
curve 96.

Temperature T1 represents a temperature at which damage
can occur to the light emitter. Temperature T2 is a temperature
threshold of a temperature sensor as described above, above
which the light emitter can be shut down. In this embodiment,
the threshold can be selected such that the actual temperature
of'the light emitter is less than the damage temperature T1 to
accommodate any overshoot.

To achieve the same indication with a temperature sensor
with an increased thermal time constant, a lower threshold
temperature, illustrated by temperature T3, is necessary.
Accordingly, at the same time t1, the light emitter can be shut
down so that the temperature does not teach temperature T1.
However, for a given temperature sensing sensitivity, a lower
threshold results in a larger margin of error. That is, a higher
thermal time constant results in a longer time to cross the
threshold considering the measurement error. With a lower
thermal time constant, the decision to shut down the light
emitter can be made earlier.

FIG. 8 is another chart illustrating temperature at various
locations on a light source according to an embodiment. In
this embodiment, a transition to steady state temperatures is
illustrated. In the steady state, a temperature difference can be
present between the light emitter temperature 100, a tempera-
ture 102 of a lower thermal time constant temperature sensor,
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and a temperature 104 of a higher thermal time constant
temperature sensor. In particular, the temperature difference
can be a function of the distance from the heat source, namely
the light emitter.

In this embodiment, the light source temperature 100 can
reach a steady state that is below the damage temperature T1.
The temperature sensor temperature 102 can remain below
the threshold T2. In contrast, even through the temperature
sensor temperature 104 can reach a lower steady state, the
lower threshold necessary due to the higher thermal time
constant can limit the temperature of the light emitter unnec-
essarily. As a result, a maximum temperature of operation that
is below the damage threshold can be limited because the
threshold temperature T3 is lowered to accommodate the
slower transient response as described with respect to FIG. 6.
That is, the light emitter temperature 100 can be limited to less
than what the light emitter could otherwise operate due to the
transient response thresholds described above.

FIG. 9 is a block diagram of a temperature monitor and
control system according to an embodiment. In this embodi-
ment, the system 110 includes a temperature sensor 114
coupled to a light emitter 112. A controller 116 is coupled to
the temperature sensor 114 and the light emitter 112. The
controller is configured to control the light emitter 112 in
response to the temperature sensor 114.

The controller 116 can be can include a processor or pro-
cessors such as digital signal processors, programmable or
non-programmable logic devices, microcontrollers, applica-
tion specific integrated circuits, state machines, or the like.
The controller 116 can also include additional circuitry such
as memories, input/output buffers, transceivers, analog-to-
digital converters, digital-to-analog converters, or the like. In
yet another embodiment, the controller 116 can include any
combination of such circuitry. Any such circuitry and/or logic
can be used to implement the controller 116 in analog and/or
digital hardware, software, firmware, etc., or any combina-
tion thereof.

In an embodiment, the controller 116 can be configured to
sense that a temperature sensed by the temperature sensor 114
passes a threshold temperature and in response, disable light
emitter. For example, the temperature T2, described above,
can be the threshold temperature. In another embodiment, the
controller 116 can be configured to control the light emitter
112 to perform other actions in response to the temperature.
For example, if the temperature sensor 114 indicates that the
temperature has passed a threshold temperature, the control-
ler 116 can be configured to reduce a drive level of the light
emitter 112.

As described above, a threshold temperature can be used to
control operation of the light emitter 112. However, other
aspects of temperature can be used by the controller 116. In an
embodiment, the controller 116 can be configured to deter-
mine a rate of temperature change in response to the tempera-
ture sensor 114. The controller can be configured to disable
the light emitter 112 in response to the rate of temperature
change. For example, as described above, the light emitter
112 can be operating at a higher temperature than is still less
than a threshold for damage. The rate of temperature change
can be used to determine if that higher temperature is merely
a higher steady state, or a potential failure. That is, in an
embodiment, the rate of temperature change can be combined
with the temperature measurement to control the operation of
the light emitter. Since the temperature sensor 114 can have a
lower thermal time constant, more sensitivity can be obtained
for the rate of temperature change, similar to the increased
sensitivity for the temperature measurement described above.



US 9,357,592 B2

5

Although particular embodiments have been described, it
will be appreciated that the principles of the invention are not
limited to those embodiments. Variations and modifications
may be made without departing from the principles of the
invention as set forth in the following claims.

The invention claimed is:

1. A light source, comprising:

a light emitter;

a heat sink comprising a liquid cooling system, the heat
sink having a radiation surface and a surface on an oppo-
site side of the heat sink from the radiation surface, the
surface on the opposite side of the heat sink from the
radiation surface interfacing with a surface of the light
emitter;

atemperature sensor mounted in contact with the surface of
the light emitter, the temperature sensor disposed within
the heat sink between the liquid cooling system and the
light emitter; and

an opening in the heat sink, the opening formed as a chan-
nel extending through the heat sink from the radiation
surface to the surface on the opposite side of the heat
sink from the radiation surface, the opening exposing
and allowing access to the temperature sensor at the
radiation surface,

wherein a first thermal time constant associated with the
temperature sensor is less than a second thermal time
constant associated with the radiation surface of the heat
sink.

2. The light source of claim 1, wherein:

the opening in the heat sink exposing the temperature sen-
sor is disposed such that it does not penetrate the liquid
cooling system.

3. The light source of claim 1, further comprising:

a controller coupled to the temperature sensor and config-
ured to control the light emitter in response to the tem-
perature sensor.

4. The light source of claim 3, wherein the controller is
configured to sense that a temperature sensed by the tempera-
ture sensor passes a threshold temperature and in response,
disable the light emitter.

5. The light source of claim 3, wherein the controller is
configured to determine a rate of temperature change in
response to the temperature sensor and disable the light emit-
ter in response to the rate of temperature change.

6. A method of operating a light source, comprising:

sensing a temperature via a temperature sensor at a location
substantially adjacent to a light emitter;

determining a rate of temperature change in response to the
sensed temperature; and

controlling an operation of the light emitter in response to
the rate of temperature change at the location;

wherein a first thermal time constant associated with the
location is less than a second thermal time constant
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associated with a radiation surface of'a heat sink coupled
to the light emitter, wherein a surface on an opposite side
of the heat sink from the radiation surface interfaces with
a surface of the light emitter, wherein the heat sink is
cooled via aliquid cooling system, wherein the tempera-
ture sensor is disposed within the heat sink between the
liquid cooling system and the light emitter, and wherein
an opening is formed as a channel extending through the
heat sink from the radiation surface to the surface on the
opposite side of the heat sink from the radiation surface,
the opening exposing and allowing access to the tem-
perature sensor at the radiation surface.

7. The method of claim 6, further comprising:

determining that a temperature of the light emitter has
exceeded a threshold in response to the rate of tempera-
ture change and the sensed temperature; and

controlling the operation of the light emitter in response to
the rate of temperature change.

8. A light source comprising:

a light emitter;

a heat sink coupled to the light emitter and having a radia-
tion surface and a continuous surface on an opposite side
of the heat sink from the radiation surface which inter-
faces with a surface of the light emitter, the heat sink
further comprising a liquid cooling system; and

a temperature sensor substantially adjacent to the light
emitter, and coupled to the surface of the light emitter,
the temperature sensor disposed within the heat sink;

wherein an opening in the heat sink is disposed outside of
the liquid cooling system, the opening formed as a chan-
nel extending through the heat sink from the radiation
surface of the heat sink to the surface on the opposite
side of the heat sink from the radiation surface, the
opening exposing and allowing access to the tempera-
ture sensor at the radiation surface.

9. The light source of claim 8, wherein a first thermal time
constant associated with the temperature sensor is less than a
second thermal time constant associated with the radiation
surface of the heat sink.

10. The light source of claim 8, wherein the opening
extends in a direction different than substantially perpendicu-
lar to a plane of the light emitter.

11. The light source of claim 8, further comprising a con-
troller coupled to the temperature sensor and the light emitter,
the controller configured to control the light emitter in
response to the temperature sensor.

12. The light source of claim 8, wherein the liquid cooling
system comprises a pipe passing through the heat sink, the
temperature sensor disposed between the pipe and the light
emitter.

13. The Light source of claim 8, wherein at least one wire
extends through the opening in the heat sink.
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